Introduction
The experimental studies, randomized controlled trials (RCTs), provide the least biased information of the efficacy of medical interventions and create the basis for systematic reviews on effectiveness of interventions (1). However, RCTs mostly assess effectiveness of interventions in ideal settings, and they focus on specific interventions rather than considering how effective is the whole clinical pathway (from the first treatment through all interventions during e.g. a 1-year follow-up time)-the latter is crucial for overall effectiveness. Thus there is a need for valid observational data on actual performance in routine settings, particularly as all educational, research, and leadership activities in medicine are intended to advance the health of the general population and care of ordinary patients (2,3).
The first aim of this paper is to assess the need for the new concept of Benchmarking Controlled Trials (BCTs), provide a definition of the BCT, and to present the two main categories (clinical, and health and social care system-related), and the respective subcategories of BCTs. The second aim is to present a checklist for assessing the methodological validity of a BCT and to point out methodological differences between RCTs and BCTs. The third aim is to pilot-test the checklist with BCTs published recently in the leading medical journals.
Methods
The previous international recommendations on how to report observational studies and systematic reviews of them (4,5) provide guidance on studies that investigate associations between exposures and health outcomes and address three types of observational studies: cohort, case-control, and cross-sectional studies. The author's idea was that there is a need for a framework which starts from the study question of effectiveness in observational settings. When the aim is to assess effectiveness of interventions, there are two options: experimental design (randomized controlled trials) or observational design. This paper concentrates on observational designs, and presents a comprehensive framework for them within the novel concept of Benchmarking Controlled Trials (BCTs).
When assessing effectiveness in an observational (real-world) setting, the index and comparator groups must have a priori as similar groups of patients as possible in order to allow adjusting for the potential baseline incomparability. Therefore, the comparisons have to be made between peers treating similar patients and thus there is always an element of benchmarking involved. This is the reason for the concept Benchmarking Controlled Trial. In addition, using e.g. a term such as observational controlled trial Key words: benchmarking controlled trial, cost-effectiveness, effectiveness, inequality, real-effectiveness medicine would probably have connotations that do not coincide with the present new idea (6). Differentiating the two main BCT categories-clinical and health care system determinants for effectiveness-was based on the author's idea that the requirement for baseline comparability for the clinical comparisons is, indeed, equally much needed when studying interventions aimed to make changes in the health care system (and through these changes increase effectiveness of interventions).
The pertinent clinical subcategories were consequently: 1) effectiveness of a particular single or set of interventions during a limited time frame (like surgery, or 3 months' rehabilitation period) and 2) effectiveness of the whole clinical pathway from start (e.g. acute myocardial infarction) through all various health (and social) care interventions (diagnostic, treatment, rehabilitation; primary, secondary, tertiary care) which happen during e.g. a 1-year follow-up time. The health care system intervention subcategories were defined further according to recent literature (Figure 1 ) (7). For health care system interventions no universally established categories exist, but, regardless of what they are, any change in the health care system aiming to increase effectiveness falls into the category of a BCT.
The checklist for methodological validity issues of BCTs, as well as the appraisal of methodological issues inherent to BCTs, was based on the author's previous work with randomized controlled trials and observational studies (8-13), and with methodological issues in RCTs and observational effectiveness studies, including work within the Cochrane Collaboration Back Review Group (1,9,12,14-16). Previous checklists for observational studies and systematic reviews of them were also utilized (STROBE (4), MOOSE (5)), as well as scientific literature on particular characteristics of observational studies relevant in the assessment of effectiveness of interventions (17).
For piloting the checklist, the 10 most recent BCTs published in the leading medical journals (New England Journal of Medicine, Lancet, Journal of American Medical Association, British Medical Journal, and Annals of Internal Medicine) were identified through a PubMed search and by the author searching the articles directly from the journals. The search terms were: benchmarking, registries, effectiveness, and name of the journal. All the included articles had to have an observational design, and aim to assess effectiveness of an intervention directed to patients or directed to the health care system. Five articles assessing clinical features and five assessing health care system-related features as determinants of effectiveness from January 2010 to October 2014 were included. Data extraction was rechecked, and errors were corrected by the author to reach the final appraisal.
Results

Definition and categories of the Benchmarking Controlled Trial
There is a clear need for the new concept Benchmarking Controlled Trial (BCT) as there is no previous systematic guidance on methodological issues in planning and reporting an observational effectiveness study (4, 5) . Furthermore, the idea of the author that, in addition to clinical interventions, any intervention directed to the health care system must be studied in a BCT is a new one. The term benchmarking is accurate because all comparisons have to be between peers and thus include an element of benchmarking. Furthermore, the results of BCTs should be exploited in the effort to increase effectiveness using the comparative data between peers-which is benchmarking (2).
A BCT is defined as an observational study aiming to provide non-biased estimates of comparative differences in outcomes and costs in real-world circumstances due to a single or a set of intervention(s) or throughout the clinical pathway between two or more health service providers for a well-defined group of patients; or an observational study aiming to provide evidence of the comparative effectiveness of the health care system or parts of it among a well-defined group of patients. Data on disadvantaged patient groups should be included always when feasible, because their prognosis often differs from that of non-disadvantaged groups. Therefore, inability to control for the differences between disadvantaged and non-disadvantaged populations may lead to biased estimates. Furthermore, data on prevailing inequality will be go unnoticed.
The study question in BCTs should ideally be defined according to the PICO principle (patient, intervention, comparison intervention, and outcome) taking into consideration interventions during the whole clinical pathway. The health care service providers can be individuals, health care units, hospitals, health care districts, or countries.
Features of BCTs in the two main categories (clinical effectiveness and factors related to the health care system) and in their subcategories are presented in Table I . Figure 1 illustrates the categories and subcategories of BCTs covering all observational study designs on effectiveness. In order to illustrate the entity of effectiveness studies, also RCTs are shown in the picture, as well as their subcategories explanatory (ideal circumstances) and pragmatic (ordinary health care circumstances). It must be emphasized that although pragmatic RCTs provide evidence on effectiveness in routine settings, they seldom cover the whole clinical pathway, and generalizability to other settings is limited.
Characteristics of the checklist and methodological issues in BCTs
The main categories and their subcategories of methodological issues in BCTs are presented in Table II . The pilot-testing of the checklist shows also main contents of the 10 studies.
It is noteworthy that there is an overall methodological difference between experimental trials and benchmarking trials. In experimental trials (RCTs) the data collection in each treatment arm is determined in a uniform way, and researchers' obligation is that the conduct of an RCT adheres to the protocol. In observational settings-comparing different service providers-the accrual of the data may not be determined beforehand as strictly as in an RCT, or the quality assurance during data gathering may not be as rigorous. Therefore validity assessment in BCTs must usually be undertaken separately for all the health care service providers. Even if there has been uniform instructions on how to collect the data, the success of doing so may differ between the providers.
Another notable methodological issue is that when assessing the comparative effectiveness of a particular intervention or the whole clinical pathway in BCTs, appropriate baseline adjustment is a major challenge. Obtaining proper information of the interventions during the clinical pathway is also most important for two reasons: Firstly, to get further evidence supporting the plausibility of differences in effectiveness estimates, and secondly to have information to be used for improving the treatment processes.
When assessing the effectiveness of interventions targeting the health care system there are four major challenges. Firstly, sufficient data are needed to obtain information indicating whether the health care system factors (e.g. related to an economic incentive) may have led to selection of patients and thus to differences in baseline characteristics. The second challenge is to obtain data of the patients' clinical pathways to know in what degree the intervention targeting the system may have changed the way patients are treated. The third challenge is to adjust for differences in baseline characteristics between the comparators, and analyze differences in treatment processes as mediators of the effects posed by the health care system factors. The fourth challenge is to try to document all the effects the intervention causes to the health care system including unintended unfavorable effects. However, this major challenge of observing a complex system goes beyond the present treatise. A big difference between benchmarking controlled trials (BCTs) and randomized controlled trials (RCTs) is selection of patients. In the former, patients entering the study in each treatment arm may differ due to selection, while in the latter random allocation to treatment arms (regardless of selection) leads often to comparable treatment groups. To decrease potential for selection bias in BCTs, a two-step procedure is suggested: 1) eligibility criteria should be chosen so that they lead to a homogeneous patient population (e.g. only patients having their first-time acute ischemic stroke will be included) (13,18), and 2) the residual baseline differences have to be statistically adjusted. Instrumental variables may be feasible in some cases to compensate partially for the lack of randomization (19), and the propensity score method may enhance baseline comparability in BCTs (8). Exploitation of a natural experiment may provide an excellent opportunity to increase baseline comparability in BCTs; e.g. in a previous study the health effects of becoming unemployed were studied in a situation when due to nationwide recession suddenly half of construction workers become unemployed, and the allocation to unemployment occurred mainly by chance (20).
Concerns of sufficient clinical information and validity of the data are usually greater in BCTs than in RCTs-particularly if the data for a BCT have been gathered retrospectively, and thus no a-priori protocol has been used. A high number of dropouts is a validity concern for both RCTs and BCTs, as well as the importance of using valid outcome measures. Selective outcome reporting by researchers within a RCT may lead to biased conclusions, but in BCTs selective reporting may occur also during the data collection-often undertaken by the health care providers themselves. There are a number of statistical analysis issues that are characteristic to BCTs (Table II) .
Pilot-testing of the checklist
All the 10 articles were from the New England Journal of Medicine and Lancet, as eligible studies were not found from the other journals (Table II) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) .
In the five studies assessing clinical effectiveness, the diagnoses included treatments for selected cancers, non-cardiac surgery, bariatric surgery, rupture of an aortic aneurysm, and acute myocardial infarction. The main outcomes were mortality in four studies, and complication rates in one study. In the five studies assessing effectiveness in relation to health care system-related factors, the indications were more varied than in the clinical effectiveness studies and included a set of surgical indications (two BCTs), a set of indications treated conservatively, intensive care patients, and ambulatory care patients. The determinants for the outcome were the size of the centers providing the service, quality improvement program, presence of a night-time intensivist in the hospital, pay-for-performance, and workload and qualifications of nurses. The main outcomes were mortality in four studies, and health care spending and quality of care in one study.
Concerning methodological issues in the 10 studies several limitations were observed. No study provided a description of patients' clinical path prior to eligibility for the study. No study exploited an opportunity provided by a natural experiment. Valid diagnostic information at baseline was presented by four studies with a clinical research question, and in two of the studies with a health care system-related objective. There were deficiencies in other clinical baseline factors; and factors indicating lifestyle or environment were lacking in all the studies. Information of diagnostics and treatment procedures was lacking altogether in one clinical study and in three studies with focus on the health care system. No study assessed outcomes among disadvantaged patient groups. No study utilized instrumental variables, and only two studies provided power calculations for determining size of the study sample.
Discussion
This paper presents a novel concept, the Benchmarking Controlled Trial (BCT). There are several new ideas involved, particularly 1) that an element of benchmarking is always involved when making observational comparisons in real-world circumstances, and 2) that assessment of effectiveness due to any health care system intervention faces the same methodological challenges as clinical comparisons. Because of the risk for more than one connotation for one concept, a new term of e.g. observational controlled trial did not seem to be appropriate (6).
In those BCTs which pursue evidence on clinical effectiveness, information of baseline patient characteristics, of diagnostic procedures and treatments, and of the outcomes is needed for the comparisons between providers. If baseline imbalances between patients treated by different providers can be satisfactorily adjusted for, also comparisons based on treatment outcomes may be justified (31). If feasible, all clinically important patient-relevant outcomes should be documented. However, it is most important to obtain data also of the treatment processes-how well these concord with current scientific evidence (32). Benchmarking controlled trials should aim to assess quality (appropriate interventions), effectiveness and costs of services, as well as issues related to potential inequality in obtaining services shown effective (3).
In BCTs which pursue evidence on effectiveness due to health care system-related factors, there must be a homogeneous target population, and if there are several diagnoses, they should preferentially be differentiated and evidence presented separately for each diagnosis. If there is insufficient data of the diagnoses and related baseline characteristics, the evidence on effectiveness may remain very uncertain.
Previous checklists for advancement of better reporting of observational studies give guidance for studies aiming to assess causal relationship between exposure and outcome. The checklist developed for and described in this paper is intended for supporting planning, conducting, reporting, and peer reviewing manuscripts of observational studies assessing effectiveness of interventions, the BCTs.
The pilot-testing of the checklist using recent articles published in leading medical journals showed a wide variety of methodological strengths and limitations in the original studies. No study provided a description of patients' clinical path before entering the study. Description of baseline characteristics was deficient or even lacking, causing uncertainness in between-group comparability. Information of diagnostics and treatment procedures was scarce. Instrumental variables were not utilized, and power calculations were rare.
Conclusions
The new concept of the BCT provides guidance for studies assessing comparative effectiveness between single or sets Table II of interventions, between clinical pathways, or between health care systems or factors related to the system. Benchmarking controlled trials cover the whole area of observational effectiveness research. A checklist for assessing the methodological validity of BCTs has here been subjected to preliminary pilot-testing, but should be properly validated. However, the checklist can readily be used in planning, conducting, reporting, and appraising BCTs.
Current BCTs seem to have several methodological limitations, some of which could be avoided in planning and conducting phases of the studies, and others should be acknowledged in discussion.
Benchmarking controlled trials-supporting both clinical and policy decisions-should be given a high priority in research, and their results should be used in improvement activities provided they have sufficient methodological rigor and generalizability. The proposed methodology is suggested also for non-scientific quality improvement and benchmarking undertakings.
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